Background: Sulfur mustard (2,2'-bis-chloroethyl-sulfide; SM) has been a military threat since the World War I. SM is the major chemical warfare agent used by Japan during World War II. The clinical picture of poisoning, including cutaneous blisters, respiratory tract damage, ocular lesions and bone marrow depression is well known. In this report, we describe a civilian exposure in August 2003, in Qiqihar, Northeast China's Heilongjiang Province. Aim: To describe the clinical features and treatment of sulfur mustard toxicity. Results: In 44 victims of SM exposure, 32 had ocular symptoms; 43 showed significant skin blistering and pigmentation; 15 had pulmonary symptoms such as productive cough occurred; 18 have Central nervous symptoms and other effects. Conclusion: The 44 victims were all injured, when five barrels of mustard gas were dug up at a construction site in Qiqihar. The gas leak killed one and injured 43 others, one of the worst accidents involving chemical weapons abandoned by Japanese invading troops in China after WWII.
Introduction
Sulfur mustard is one of the most important chemical warfare agents developed and extensively used during World War I (WWI). It is synthesized already in 1822 by Despretz and 1860 by Niemann and Guthrie [1] . Its synonyms are sulfur mustard (typical odor), yperite (Ypres, place of the first military use), and yellow cross (German shells with vesicants were labeled with a yellow cross).
Pure SM is colorless and odorless. Due to impurities during the manufacturing process, technical grade sulfur mustard has a dark oily appearance and a typical odor of mustard or garlic. It is barely soluble in water.
Blistering after skin contact is one of the most prominent features of SM. Except cutaneous blisters, SM also cause respiratory tract damage, ocular lesions and bone marrow depression [2] . Most of the clinical symptoms can be explained by the strong alkylating characters, which attacks nearly all cell constituents. Each 2-chloroethyl side chain of sulfur mustard can react with proteins, RNA and DNA. DNA damage is believed to be the most important lesion [3] . Sulfur mustard is able to form nonfunctional adducts as well as interstrand crosslinks [4] .
During World War II, large quantities of chemical weapons were abandoned or buried by Japanese troops in China. After 1949, the toxic gases were discovered in central, eastern and southern China. Qiqihar, occupied by Japanese troops for 14 years between 1931 and 1945, was one of the chemical weapon exploitation departments of the Japanese forces.
Patients and Background Information
On August 4, 2003, one person was killed and 43 others wounded when several barrels of mustard gas abandoned by Japanese forces in 1945 leaked at a construction site in urban Qiqihar. When surveying nearby areas, police found many similar abandoned shells.
At 21:50 pm, on August 4, 2003, 3 victims were sent to the 203th hospital with symptom of cutaneous blisters and ocular lesions. 2 victims were hospitalized at 6:00 am, on August 5, and 39 others in the following 10 days. After treatment, the last patients recovered on November 15, 2003.
The 44 victims presented here were treated in The 203th Hospital of PLA in Qiqihar (39 males and 5 females, the median age was 29 ranging from 8 to 55). All the patients were recovered except 1 patient died as a result of a failure of multiple organs. mation, blurred vision, pain and photophobia. 30 (68%) patients presented severe conjunctivitis. 7 (16%) erosion of the cornea were the most severe ocular complication.
Skin: 43 (98%) patients presented blistering characterizes significant dermal injury from sulfur mustard. The affected areas include body (10/43, 23%), limbs (31/43, 72%), scrotum (20/43, 47%), buttocks (10/43, 23%), vulva (5/43, 12%), others (2/43, 5%). This shows that SM first invaded in direct contact and susceptible site. Exposed parts of the skin and tender part such as scrotum, vulva wet is easily injured.
Respiratory system: 15 (34%) patients described respiratory tract damage. 9 of them presented a sore throat. 6 of them presented significant lung symptoms developed, such as coughing and sputum.
Other symptoms: 18 (41%) patients described other symptoms include dizziness (10/18, 56%), headache (9/18, 50%), nausea (17/18, 94%), followed by vomiting (10/18, 56%), loss of appetite (3/18, 17%).
Treatment
Eyes: eyes were washed with saline and antibiotic drops were used for 5 consecutive days. At the same time, antibiotic ointment was used to prevent infection and symblepharons. Atropine was applied to patients with keratitis and iridocyclitis to prevent synechia.
Skin: patients were washed daily with water (or 1.25% sodium bicarbonate). Sulfadiazine-silver creme was applied to prevent infection. Recombinant human epidermal growth factor was used to promote wound healing.
Respiratory tract: codeine was given to relieve persistent cough. Inhalation of moist air including Gentamicin and Dexamethasone were used.
Other symptoms: glutamine, Recombinant human epidermal growth factor and Zadaxin were used to corresponding symptoms.
Discussion
Sulfur mustard (SM), also known as mustard gas, is an alkylating compound used as a chemical weapon in World War I. It is an lipophilic liquid with poor aqueous solubility yet is highly soluble in organic solvents [5, 6] . Its color ranges from light yellow to dark brown, and with smells of garlic, horseradish, or mustard.
Once absorbed, sulfur mustard forms a reactive cyclic structure, the episulfonium ion, this ion is capable of reacting with DNA, RNA, proteins, carbohydrates, and lipids [7] . Despite its ability to attack multiple cell constituents, by cross-linking with DNA it induces the lethal lesion ultimately resulting in blister formation [8, 9] .
Sulfur mustard exposure primarily affects the skin, respiratory tract, and eyes, though as an alkylating agent it can be toxic to rapidly proliferating cells, such as bone marrow and lymphoid tissue. The degree and onset of injury depends on multiple factors such as dose, mode of exposure, environmental conditions, and use of protective equipment.
Ocular injuries: the conjunctiva was the main site of injury, followed by the eyelid, and then the cornea and the iris. The length of the incubation period varied with the degree of injury and contact time and mode. Thorough washout and medicinal intervention should be instituted as early as possible.
Dermal damage: it is characterized by a latent period of 2 to 6 hours, followed by burning sensation, erythema, itching and swelling. After 18 to 24 hours, small vesicles may appear in erythema area and gradual integration into large blisters. The blisters rarely cause pain. But patients usually feel swollen, oppression.
Respiratory tract injury: the incubation period is 6 to 12 hours or longer. Its clinical manifestations are similar to symptoms of bad cold or bronchitis. Necrosis of bronchial mucosa leads to pseudo membranous which cause atelectasis and serious ventilation disorders. Patients with severe injury may describe chest pain, increased cough, fever, breathing difficulties and other clinical manifestations.
Other symptoms: other patients showed weakness, insomnia, headache, loss of appetite, nausea and vomiting.
4 -6 weeks' recovery is necessary for the patients. However, after discharge, chronic health effects of SM exposure which are discussed later in this issue [10] were and are likely to affect them for the remainder of their lives.
